SUMMARY The admission rate for asthma at a children's hospital was studied over an 11 year period. Admissions varied unpredictably over periods of a few days, but there was a repeated yearly pattern of peaks and troughs with an interval of several weeks. The short term variation could be attributed to chance effects alone, excluding any important role for short term influences-for example, weather changes-in precipitating asthma admissions. There was a definite association between the longer term variation and school holidays. The To examine seasonal trends, the rate of admissions with asthma was plotted daily as a five day moving average. The association with school holidays was also examined year by year. A pattern linking admissions with asthma to school holidays was first determined by inspection, then subjected to statistical analysis. The combined data for the 11 years are shown in figs 1 and 2: the mean starting dates of holidays and terms are indicated by dotted lines, and the admissions are plotted at their correct relative position within each term or holiday period. The figures therefore show the mean daily admission rate, with the dates of all terms and holidays precisely superimposed.
SUMMARY The admission rate for asthma at a children's hospital was studied over an 11 year period. Admissions varied unpredictably over periods of a few days, but there was a repeated yearly pattern of peaks and troughs with an interval of several weeks. The short term variation could be attributed to chance effects alone, excluding any important role for short term influences-for example, weather changes-in precipitating asthma admissions. There was a definite association between the longer term variation and school holidays. The admission rate fell during holidays and there were two or more peaks during terms. The pattern is consistent with a largely viral aetiology for asthmatic attacks throughout the year. We postulate that school holidays disrupt the spread of viral infections in a community, with synchronisation of subsequent attacks. Travel during holidays may facilitate acquisition of new viral strains by the community.
The number of admissions of children with asthma is seasonal,1 2 with a large peak in autumn and a smaller peak in spring; the spring rise coincides with the hay fever season.3 4 Before the autumn rise is an August fall,1 which suggests a possible link with the school summer holidays. The sharp rise in September occurs after mould spore and pollen counts have plateaued,5 but before the main winter rise in respiratory tract infections. This is probably a combined mechanism of viral infection and increased bronchial hyper-reactivity due to exposure to airborne allergens during the summer months.6 7
Admissions with asthma also vary considerably over periods of a few days. Epidemic days are associated with low temperature and humidity, 8 with thunderstorms or sudden rain,_11 and with sudden falls in temperature.12 13 Many parents have reported associations with changes in the weather.
The aims of this study were to determine the significance, if any, of variation in asthma admissions over periods of a few days, and to look for an association between seasonal trends and timing of school holidays. To examine short term variation in the rate of admissions with asthma, the 11 year period was divided into three day segments starting on 1st January 1975. A prediction for the number of periods within which 0, 1, 2, 3, . . . asthma admissions had occurred was determined from the Poisson distribution. This was calculated separately for each month of the year to exclude any influence of longer term trends. In a similar analysis, data were stratified by area of residence into three broad groups: coast, downs, and other. This was to look for local influences that might operate in the short term such as the release of fungal spores by a sea mist, or the storm of airborne allergens created by ploughing or harvesting.
The significance of the difference between actual and predicted clustering was determined by the x2 test. To avoid random inflation of significance, an appropriately smaller critical p value was used for analyses by area. As there were three areas, the value chosen was one third of p=0O05-that is, p=0017. Differences in rates of admission within holiday periods were assessed by the Wilcoxon signed rank test, and the suitability of a 'two peak/term' model was tested by least squares regression for longitudinal data, and by the x2 test for summated data.
Results
The seasonal pattern of admissions with asthma is shown in fig 1 and fig 2. There was a repeated yearly pattern that was not lost by summing the data for the 11 years. Fig 1 shows the pattern for all children, and fig 2 shows that for children in the age groups: 0-3 years (preschool), 4-10 years (primary school), and 11-16 years (secondary school). Older children contributed little to the overall pattern primarily because admissions were fewer, but the pattern is similar though less pronounced. The two younger age groups showed patterns that were remarkably similar both in shape and timing.
The pattern was of a falling admission rate during holidays (p<0.005) followed by two major peaks in each term (p<<0.0001 in each case). One or two smaller peaks commonly occurred in the autumn term. The largest peak always occurred after the summer holiday.
The distribution of clusters of admissions in three day periods is shown in the 0  186  161  344  321  606  576  1086  1084  1  272  257  392  372  400  426  216  221  2  258  256  259  276  189  206  33  30  3  200  209  141  172  91  84  2  3  4  136  155  82  97  33  31  1  0  5  82  108  60  52  8  10  6  60  73  22  26  7  3  7  40  47  12  13  2  1  8  44  30  9  6  2  0  9  18  19  12  2  10  14  11  2  1  11  6  6  1  0  12  7  4  1  0  13  5  2  0  0  14  5  1  1  0  15  2  0  16  2  0  17  0  0  18  1  0 X2 (df) 20*9 (13) 17-5 (9) 6-14 (6) Allergens, particularly the house dust mite, are of considerable importance in asthma. Exposure to allergens produces chronic inflammation of the airways and an increase in bronchial hyperirritability.29 Not all asthmatic children with viral infections are admitted to hospital, and the chance of this happening may be determined by the degree of pre-existing bronchial hyper-reactivity. Seasonal variations in exposure to allergens may thus contribute to the underlying seasonal variations in asthma. This mechanism is consistent with the otherwise paradoxical finding that in August, a time of high exposure to allergens, asthma admissions are low,3 whereas deaths from asthma are high.6
In conclusion, this retrospective study provides circumstantial evidence that admissions for asthma in children are mainly precipitated by viral infections, and that short term environmental factors seem to be comparatively unimportant.
